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e SARS CoV2/COVID-19 sample management
e sample collection, shipment and storage

* Biosafety guidance on COVID-19 biosafety
* Questions
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Sample management is a part of process
control, one of the essentials of a quality
management system.

The quality of the work a laboratory
produces is only as good as the quality of
the samples it uses for testing.

The laboratory must be proactive in
ensuring that the samples it receives meet
all of the requirements needed to produce
accurate test results.

Sample management components
* information needed on requisitions or forms
* handling urgent requests
* collection, labeling, preservation and transport

» safety practices (leaking or broken containers,
contaminated forms, other biohazards)

* evaluating, processing, and tracking samples
* storage, retention, and disposal.
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https://apps.who.int/iris/bitstream/handle/10665/331501/WHO-COVID-19-laboratory-2020.5-eng.pdf?sequence=1&isAllowed=y

Nucleic acid amplification
tests ( )

Rapid Antigen detection

Se rologlcal testing
Rapid diagnostic test ( )
ELISA
Neutralization assay
Chemiluminescent immunoassay

Viral sequencing
Viral culture
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Type of sample Timing

Patient Lower respiratory fract Collect on presentation.
- sputum Possibly repeated sampling to
- aspirate monitor clearance. Further
- lavage research needed to determine
effectiveness and reliability of
Upper respiratory tract repeated sampling.
- nasopharyngeal and
- oropharyngeal swabs
- nasopharyngeal
wash/nasopharyngeal
aspirate.

Consider stools, whole blood,
urine, and if diseased, material
from autopsy.

Patient Serum for serological testing Paired samples are necessary
once validated and available. for confirmation with the initial

sample collected in the first
week of iliness and the second
ideally collected 2-4 weeks later
(optimal timing for convalescent
sample needs to be
established).

Contact NAAT Nasopharyngeal and Within incubation period of last
in health-care centre associated oropharyngeal swabs. documented contact.
outbreaks or other settings where

contacts have symptoms, or

where asymptomatic contacts

have had high-intensity contact

with a COVID-19 case.

Serum for serological testing Baseline serum taken as early

once validated and available. as possible within incubation
period of contact and
convalescent serum taken
2-4 weeks after last contact
(optimal timing for convalescent
sample needs to be
established).
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Specimen type

Collection materials

Storage temperature until
testing in-country laboratory

Recommended temperature
for shipment according to
expected shipment time

Nasopharyngeal and
oropharyngeal swab

Bronchoalveolar lavage

(Endo)tracheal aspirate,
nasopharyngeal or nasal
wash/aspirate

Sputum

Tissue from biopsy or autopsy
including from lung.

Serum

Whole blood

Stool

Urine

Dacron or polyester flocked
swabs*

Sterile container *

Sterile container *

Sterile container

Sterile container with saline or
VTM.

Serum separator tubes (adults:

collect 3-5 ml whole blood).
Collection tube

Stool container

Urine collection container

2-8°C

2-8°C

2-8°C

2-8°C

2-8°C

2-8°C

2-8°C

2-8 °C if <5 days
—70 °C (dry ice) if >5 days

2-8 °Cif <2 days
—70 °C (dry ice) if >2 days
2-8 °C if <2 days
—70 °C (dry ice) if >2 days

2-8 °C if £2 days

—70 °C (dry ice) if >2 days
2-8 °C if 24 hours

—70 °C (dry ice) if >24 hours
2-8 °C if <5 days

—70 °C (dry ice) if >5 days
2-8 °Cif <5 days

—70 °C (dry ice) if >5 days
2-8 °Cif <5 days

—70 °C (dry ice) if >5 days
2-8 °C if <5 days

—70 °C (dry ice) if >5 days

* For transport of samples for viral detection, use viral transport medium (VTM) containing antifungal and antibiotic supplements.
Avoid repeated freezing and thawing of specimens. If VIM is not available sterile saline may be used instead (in which case,
duration of sample storage at 2-8 °C may be different from what is indicated above).
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Specimen Collection
Swab Specimen Collection

Inferior nasal turbinate

Path of Swab

lef

Palate Nasopharyny Swab here in posterior oral pharynx
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UTM-RT transport medium for:
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Routine confirmation of cases of
COVID-19 is based on detection of
unique sequences of virus RNA by
NAAT

real-time reverse-transcription
poIKmerase chain reaction (rRT-PCR)
with confirmation by nucleic acid
sequencing when necessary.

The viral genes targeted so far
include the N, E, S and RdRP genes.

RNA extraction should be done in a
biosafety cabinet in a BSL-2 or
equivalent facility.
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NIN908947 Wuhan-Hu-1
NC_004718 SARS-CoV

w3 s
16,361 - 16,460 26,141-26.25)
RdRo E

Gene targets
ORFlab and N
Institut Pasteur, Paris, France Two targets in RARP
US CDC, USA Three targets in N gene

National Institute of Infectious Diseases,
Japan

Charité, Germany RdRP, E, N
HKU, Hong Kong SAR ORF1lb-nspl4, N
National Institute of Health, Thailand N

Pancorona and multiple targets, Spike protein

The sensitivities of the tests to individual genes are
comparable according to comparison studies except the
RARpSARSr (Charité) primer probe, which has a slightly lower
sensitivity likely due to a mismatch in the reverse primer
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* data suggest the sensitivity  » Fa|se-negative results

° o . . . .
32? for oropharyngeal, e inappropriate timing of
* 63% for nasopharyngeal sample collection in
(NP) : )
relation to illness onset
* It was reported Pharyngeal . _ .
washing has the same * deficiency in sampling
sensitivity ?? technique, especially of
* 73% for sputum samples nasopharyngeal swabs.

93% for tracheal aspirates/ cpe -
bronchoalveolar lavage : SpeCIfICIty of most of

(BAL) the RT-PCR tests is
Saliva ?? 100%
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* Over the 4 days of infection before the
typical time of symptom onset (day 5),
the probability of a false-negative result
in an infected person decreases from

e 100% (95% Cl, 100% to 100%) on day
1
* 67% (Cl, 27% to 94%) on day 4
* On the day of symptom onset, the
median false-negative rate
* 38% (Cl, 18% to 65%) on day 5
* decreased to 20% (Cl, 12% to 30%) on
day 8
* then began to increase again, from
21% (Cl, 13% to 31%) on day 9 to 66%
(Cl, 54% to 77%) on day 21.
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Pharyngeal virus shedding was very high
during the first week of symptoms
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outlasted the end of symptoms.
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Serology testing for SARS-CoV-2 is at increased demand in
order to better quantify the number of cases of COVID-19

* including those that may be asymptomatic or have recovered.

Serology tests are blood-based tests

be used to identify whether people have been exposed to
SARSCoV-2

* In contrast, the RT-PCR tests currently being used globally to diagnose
cases of COVID-19 can only indicate the presence of viral material during
infection and will not indicate if a person was infected and subsequently
recovered.

Serological diagnosis also is becoming an important tool to
understand the extent of COVID-19 in the community and to
identify individuals who are immune and potentially
“protected” from becoming infected.
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Rapid diagnostic

test (RDT)

a qualitative
(positive or negative)
lateral flow assay

can be used at point
of care (POC)
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ELISA

* qualitative or

guantitative

* generally a lab-

based test

* most frequently

test

Neutralization assay

This test relies on
patient antibodies to
prevent viral infection
of cells in a lab setting
Neutralization assays
depend on cell
culture, a lab-based
method of culturing
cells that allow SARS-
CoV-2 growth (like
VeroE6 cells)

()

Chemiluminescent
immunoassay

typically quantitative,
lab-based

uses whole blood,
plasma, or serum
samples from patients
The test relies on
mixing patient samples
with a known viral
protein, buffer
reagents, and specific
enzyme-labeled
antibodies that allow a
light-based,
luminescent read-out.
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Type of test Time to | What it tells us
results
10-30  |The presen:
minutes [(qualitat

hours

MNeutralization

Chemiluminescent
immun

patient serum.
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https://www.centerforhealthsecurity.org/resources/COVID-19/serology/Serology-based-tests-for-COVID-19.html#sec1

IgG/igh i
: : Patient gmdig;m Zi;o;angv(ejr:;:? Synchronous seroconversion
* Within 19 days after s
e IgG

1 A Patient 13 (male, 50 years)
IgG seroconverted - IgM o

symptom onset, 100% of e i
patients tested positive for |
antiviral 1gG.

IgM seroconverted
earlier than IgG

O — . \
* Seroconversion for IgG and [ o ===
4 6 8 10 12 14 16 18 20 22 24 15 20 25 30
I g IVI O C C u r re d Days after symptoms onset Days after symptoms onset
5 IgM seroconverted earlier than IgG 1gG seroconverted earlier than IghM
S I m u | t a r]. e O u S I y O r Patient 15 {male, 68 years) Patient 10 (fermale, 65 years)
sequentially.

* Both IgG and IgM titers
plateaued within 6 days
after seroconversion.

Patient 14 (ferale, 63 years)
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Patient 2 (female, 46 years)

log,(antibody level)

log,(antibody level)

i | | |
15 20 10 15 20
Days after symptomns onset Days after symptoms onset
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IgM and IgG seroconversion occurred in all patients
between the third and fourth week of clinical illness

Detection unlikely? PCR - Likely positive PCR - Likely negative®
onset.

IgM begins to decline and reaches lower levels by week
5 and almost disappears by week 7.

7~

IgG persists beyond 7 weeks.

combined sensitivity of PCR and IgM ELISA directed at
nucleocapsid (NC) antigen was 98.6% vs 51.9% with a
single PCR test.

*  During the first 5.5 days, quantitative PCR had a higher
positivity rate than IgM

Increasing probability of detection

* whereas IgM ELISA had a higher positivity rate after day

5.5 of illness
Week -1 Week 1 Week 3
majority of AbS are produced against the most Symptom onset
abundant prOteIn Of the virus, WhICh IS the NC Nasopharyngeal swab PCR Bronchoalveolar lavage/sputum PCR IgM antibody
. antibodies to NC WOUld be the most sensitive. Virus isolation from respiratory tract Stool PCR 19G antibody

RBD-S protein is the host attachment protein, and ; )
antibodies to RBD-S would be more specific and are * Most of the available data are for adult populations who are not

expected to be neutralizing immunocompromised.
* The time course of PCR positivity and seroconversion may vary in
children and other groups,
* including the large population of asymptomatic individuals who
go undiagnosed without active surveillance

cross-reactivity with SARS-CoV and possibly other
coronaviruses
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WHO biosafety
guidance

02/12/2021

Laboratory biosafety guidance related to coronavirus

disease (COVID-19)

Interim guidance
13 May 2020

Background

Thcpmse of this document is te provide mterim guidanee

lzboratory biosafety related to the testing of chmical
sgzmmen:nf iients that meet the case defimhon of
eomairas disemse (COVID-19).

This version is an update to the iterim guidance adding
recommendations on point of care (POC) or near-POC assays
.

Highlizhts of COVID-19 laboratory bi
* All procedures mmst be performed based om misk

Pomt of care (POC) or near-| an be performed
on a bench without employing 2 ", when the local n:
sment 50 dictates and proper precautions are in pl:
Propsgative work (for example vims cultwe
meutralization  a: should be conduc

Appmpna(a d: infectants with proven activity agamst
he wsed (for example
orite [bleach], aleohal,
quaternary  ammonium
compounds).

Patient

Category B”
‘transperted as Categol
affacting humans”™

s Care requirements: A set of minimm requirements defined in the 4
edinion of the WHO Laborarory brasqfety manual to describe a combinanon
of risk comtrol measimes that are both the foundation for, and an mezal
‘part of, Iabaratory biosafety. These measures reflect intemational standards
and best practice in biosafety that are necessary to work safely with.
hiological azens, even where he associaied risks are minimal

Laboratory biosafety

It 15 essential to encure that health laboratones adhere to

appropriate biosafety practices. Any testing for the presence

of SARS-CoV-2, the vires that camses COVID-19 or of

clinieal specimens from patients meeting the suspected case

defimition (2} should be performed in ppropriately squipped

laboratones, by staff traned m the relevant techmical and
procedures

s National guidelines om laboratory
‘biosafiety should be followed in all circumstances. For general
information cn Laboratory biosafiety guidelines, see the WHO
Laboratory biosafsty mamnal: third adition (3) in the nterim
‘before the fourth edition is released.

Key points

* Each laboratory should conduct a local (that is,
mstitutional}) nsk assessment to ensure It is
competent to safely perform the intended testing
with appropriate nizk control measures im place as.
exemplified in Annex 1.

When handling and processing specimens, incloding
blood for ,u-nlogu:zl testing, laboratory practices
and procedures that ae basic to  good
microbiological practice and procedwe (GMPP)
should be followed
The handling and processing of specimens from
cases wath swspected or confimed COVID-19
mfection that are miended for additional laboratory
tests, such a5 haematology or blood gas amalysis,
should follow standard gmdelmes without addibonal
measures.
Non-propagative  diagnostic  labormfory  wodk,
inchuding sequencing and MNAAT, on chinical
specimens from patents who e suspected or
mnﬁmntl tobe mfzclzd wath COVID-19, should be
conducted adopting the practices and procedures of
“core Tequirements”." a5 detailed in Annex I and an.
selection of “heightened control
as informed by the local
In the interim, basic Biosafety Level 2 (BSL-2)
mml:leitrhgmmcmmndumﬂ
Laboratory iosqfety mamual: third  edition
remains appropriate until the fomth edition replaces

control mexsures: A sat of risk control measures that may

risk fhat camet be acoepeble solely with the core

19

nysayag pasyeys

P1easay [euoneN



https://apps.who.int/iris/handle/10665/332076

Risk Assessment: COVID-19 hazard
assessment clinical/lab procedures

Procedure
Whole-genome sequencing

SARS-CoV2 POCT

Serology for SARS-CoV2

SARS-CoV2 RT-PCR

Sample collection

Sample reception

Virus isolation

02/12/2021

What could go wrong or hazard?
None

Aerosol exposure during NA extraction
Eye splash during sample processing

Aerosol exposure during sample processing
Eye splash during sample processing

Aerosol exposure during NA extraction

Aerosol exposure from patient during sample collection
Eye splash during sample processing

Leaking sample

Aerosol exposure during sample processing

Eye splash during sample processing
Infectious culture material spill

Overall risk

None

Low/Medium

(Sample dependent)

L]

L]

Low
Medium

Medium

High
Medium

High

High
Medium
Medium/High

pA




Procedure

Sample collection

SARS-CoV2 POCT
Serological testing for SARS-CoV2

Sample reception
SARS-CoV2 RT-PCR

Virus isolation

Note: This is a High Risk activity -
Only to be performed by
reference labs with inward

directional airflow

. Standard PPE — Gown, gloves, eye protection, apron .

Risk approach

Core +

Heightened
control
measures

Heightened
control
measures

. Respirator — N95 or similar, fit tested
. BSC — validated Biosafety cabinet

02/12/2021

Residual risk

Risk mitigation

Standard PPE + Respirator (if risk assessment indicates)
GMPP

Validated waste management

Well-ventilated area

BSL2
Work in BSC

Standard PPE + Respirator (if risk assessment indicates)

GMPP
Validated waste management

Inward airflow laboratory
Work in BSC

Standard PPE + Respirator (if risk assessment indicates)
GMPP

Validated waste management

PPE — Personal Protective Equipment
. GMPP — Good Microbiological Practices and Procedures

22




PPE for sample collection and most lab procedures for COVID-19

Donning full PPE sequence

1. Mask 2. Gloves

FO I |OW W H D g u | da nce fDr Step S Of d onn | n g an d Secure the straps - top strap high Press flexible nose plece 1o fit shape | Puton twa lavers of gloves,

at the back of head, bottom strap of your nose with two fingers of both

. below the ears. Make sure they hands simultaneously. ;-._
d Offl n g P P E \ are not twisted and sit comfortably Fit-chedk by exhaling forcefully with T 4-||-‘ o
Ensure the mask creates a seal on pailms cupping the mask to be sura air - :
yaur face and chin, ts not leaking around the edges,

Use risk assessment for PPE choice (may include)

. Lab coat
. Gloves
Eye protection

Mask/respirator (risk assessment-based) 3. Eye protection 4. Lab coat 5. Shoe cavers

Place goggles over eyes and Puton the lab coat and fully button Puit o the shoe covers over closed
adjust ho fit the front toe shoes,

Shoe covers

Make sure the band is not twisted Extend the ghowes over sleeve cuffs Make sure that all areas of the foot
and sits comfortably. of the labcnat including your ankle, are covensd.

Change gloves between patient samples

Perform hand hygiene before and after contact with
the patient and their surroundings and after PPE
removal.

Zource: Paul Bloxham WHO

Note: For illustration purposes — double gloves not recommended for SARS-CoV-2 testing

02/12/2021
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2

Put a label on the VTM tube
/ cryovial / screw-capped
container.

Using a permanent marker,
write on the label:

« the patient’s name,

- age, gender,

- date of onset of symptoms,
- type of sample

« date of sample collection.

4
Wrap the whole VTM tube

/ cryovial / screw-capped
container with tissue or
absorbent material and seal
with clear tape.

3

After collecting the sample
close the lid of the VTM tube
[eryovial / screw-capped
container and secure with
parafilm.

Wipe with tissue soaked with
0.5% bleach solution (see How
to make 0.5 bleach solution on
pages 12-13).

5

Using permanent marker

draw an arrow on the tissue
wrapped VTM tube / cryovial /
screw-capped container to
indicate top of the container
and to ensure it is packed and
handled in the upright position.

]

Put the VTM tube / cryovial / serew-capped
container in the plastic zip lock bag and
close the zip completely.

Make sure arrow is visible,

D
x,

7

Put the plastic bag into a screw top secured plastic bottle and draw
an arrow with the permanent marker pen to indicate the top of the
container and to ensure itis packed and handled in the upright
position.

Put tissue or absorbent material like cotton wool around the plastic
bag to maintain samples in upright position in bottle and containa
leak if one should occur,

25
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Secled, leck-proof
primary receptocte

Absorbent metericl
1o abserb om

 Patient specimens from R
suspected or confirmed cases SO O -
should be transported as

of adeguate strength

“Biological =
Substance Category B”.

Fig. 6.5 Example of triple packaging matericls suitable for
Category B infectious substonces

o Sealed, leak-proet
primary receptocie

Absorbent material
1o cbaerd ony, ond oll, quid

 Viral cultures or isolates ’ g

should be transported as
Category

“infectious substance
affecting humans”

UN Specification Mork,

indcating pockoge has been
opproved in occordonce with

Source: WHO laboratory biosafety manual 4th Ed. S

Fig. 6.4 Exomple of triple packaging materials suitable for
Category A infectious substonces
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When to test for COVID antigen?

Suggested Use Cases for Ag (FIND)1

* Ag tests are useful for detection of COVID-19 active infection.

* Ag RDTs should be prioritized for case management to enable
decentralized testing,

* Especially when accessto PCR testingis limited
* Triage suspect cases

* Confirm active infection

* Contact tracing

Detect ability

Important considerations: @
* Only accurate in initial phase of infection 0

2
Wirus Enters

. Slmple Weeks

- R H d Ssthuraman, M., Jersmish, 55, Ryo, &. Interpreting Disgnostic Tests for SARS-COV-EMAMA. € May 2020, doi: 10.1001jama. 20202239
a p I Theel E5,The role of antibody testing for SARS-Cov-Z is there one? 1 0in Microbiol 38:6007597-20. 2020, https./doi.org/L0.1128/C _00757-
-
Affordable

pinl
» Accurate

1. FIND Rapid Diagnostic Tests for COVID-19, 18 May 2020 atips. S www findd org fwp-content/uploads,2020/05/FIND_COVID-19 ROTS_18.05 2020 pdf
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Point of Care (PoC) and near-POC Assays
including antigen-detecting RDTs (Ag-RDT) ( |
(No nucleic acid extraction)

* Good Microbiological Practice and Procedure (GMPP)

* Appropriate PPE

* Staff Competence

* May be performed on bench (outside a lab)

* Well-ventilated area (see the following slides)
* On absorbent towel or diaper

* Free of clutter

* Optional
* Biosafety cabinet/glove box
* Use primary containment if readily available

https://www.fda.gov/media/134922/download
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All COVID Ag-RDT can be processed on the open bench in a well ventilated area

No need to use biological safety cabinet

Closed system Semi-closed system

EN o RACIVATE Gt e RCTTID

a - STANDARD Q [ ] O RI 5
£ COVID-19 Ag RAPID TEST DEVICE 19 Ag “oYoRis

COVID-19 Ag Respi-Strip

Safely dispase the flly
encloeed extraction tubs

COLLECTION OF SPECIMEN
Mampharyngeal swab]

Wait for aerosols to settle
following extraction — 5 mins

Note: Test not listed under WHO EUL
(Emergency Use Listing)
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Ventilation

The movement of fresh air around a closed space, or the system that does this

Types
* Natural:

Purpose-built, building openings (windows, doors,
whirlybirds, chimneys, etc.)

* Assisted (mixed mode):

Relies on natural driving forces to provide the desired
(design) flow rate.

* Mechanical- Fans drive mechanical ventilation.

Installed in windows, walls, air ducts

https://medicalguidelines.msf.org/viewport/TUB/latest/appendix-18-advantages-and-disadvantages-of-ventilation-techniques-20324472.html
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Use appropriate disinfectants

COVID-19 virus is susceptible to disinfectants with proven activity against enveloped
viruses

Beware of Bleach — It will produce toxic gases in contact with GITC lysis buffers

. Sodium hypochlorite (bleach; for example, 1000 parts per million [ppm] (0.1%)
for general surface disinfection and 10000 ppm (1%) for disinfection of sample
spills)

DO NOT use bleach in areas where lysis buffer, Trizol or solutions containing thiocyanate salts have been used.
The mixing of sodium hypochlorite in bleach with the thiocyanate salts in lysis buffer will produce toxic gas.

USE 75% ETHANOL INSTEAD.

Alternatives
. 75% ethanol;
. 0.5% hydrogen peroxide;
. Quaternary ammonium compounds;
Phenolic compounds;

Note: Other biocidal agents such as 0.05-0.2% benzalkonium chloride or 0.02%
chlorhexidine digluconate can be less effective.

Contact time (for example, 10 minutes),
Concentration of the active ingredient

Shelf-life and Expiry date
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1 Before you begin 2a From 5% bleach

Wear gloves and bab coat Posar Smi bleach pnd
and prepare SO RO in 3 T e R
wel-vemtilated area. Repest wntil full

Sl Bleach

+

S5ml mater

J

th skt

Stir weall

2b From 10% bleach
Poar 10 bleach and
Sml water intoa bu kel
Repe st wntd full

10ml bleach

Repeat wnid
the budket
s Fualll
Stir wwll
for 10 seconds.

3 Labelling 4 Storage

Labwel the bucket Corver e bus ket with a il
e D0 MOT stoee in direct sunlight

Wirite the date
when the solubon was made

4.5 BLear
saLVTIoN
DATE MASE
24.520

Source: Paul Bloxham /WHO




Completion of activities: PPE doffing

Doffing full PPE sequence (continued)

Ensure that staff are trained
in PPE removal to prevent
self-contamination.

3, Lalb coat
Raoll the lab coat into a bundie and
flaca in abashazard bag i b

Unbuttton lsh enat.

Pudl amvay Trom reeck and shoulders,
bouch ireg inside of the lak coat enly

Trni the lab coat inside out gently.

Frequent hand hygiene

rgloves

woirs a6 par doffing deps below and diseand inte a b

Pirveh e i lirvger and thiimk

ghove material just below the cuff
b6 awisied cantarminativeg the mner
ghave)

Bagin remaorval of second ghove by
hooking fingers of partially
wn-ghowed hand {now cowvered by
the mner material of the glcve| inta
cuff matesial of the other hand,

2

Hook i
eapasing

rs irnte thi cul enaterial,

Remove the secoad glove
wompletely.

1 Quterglowes [ Insiche of cater gloves [ bnner glowes

thie gihirve b el 1hee firgirs,

[ Ouster part of lab coat [ inmer part of lab coat

D il renvinie thi el This 4. Eye protection Mask
point {it will not come completely
ol s tha g

together]

Mermyove the bany forweard shightly

this ki away fram the Tate, thi b trap T

of the head so the fromt without
tauching the mack, then remove
the top stap in e same way,

Placeon designated surface for

disinfecting or discard into 2

bicha zard bag,
Remoye the mask awsy from the face
and discard info a biohazard bag

s
IBE

Commplate removal of the first glove
using the we-glowed hand (kowching
oy the inside glowe materiall,

Dispose of gloves ina biohazad bag
Spray Inner gloves with 75% gthanol,

Source: Paul Bloxham/\WHO

Mote: For illustration purposes — double gloves not recommended for SARS-CoV/-2 testing
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&. Inner gloves

7. Hand hygie

Perfarm hand hygiene immedistely
after remaving all PPE, (See section
on hiand hyglene on page 9.

Source: Paul Bloxham,
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Questions?

Prof. S.A. Nadiji
Email: s.a.nadji@sbmu.ac.ir
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